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 This paper presents an estimation of core loss in a single-phase transformer in order to study the core

losses of M4 and M5 grain oriented magnetic steel size when the input voltage waveforms are sinusoidal and

non-sinusoidal. The steel and Epstein test apparatus are energized by a single-phase inverter. The real current,

voltage, power and other parameters are measured by a Fluke 41B power quality meter and a Yokogawa DL 1520

oscilloscope. The results show the difference of core losses of both steels, under different waveforms. The steel

selection is determined by the waveform qualities and the economic reasons.
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1. ∫∑π”

„πªí®®ÿ∫—π·À≈àß®à“¬·√ß¥—π‰øøÑ“∑’Ë®à“¬„Àâ°—∫Õÿª°√≥å ‡™àπ À¡âÕ·ª≈ß, ¡Õ‡µÕ√å, ‡§√◊ËÕß°”‡π‘¥‰øøÑ“·≈–Õ◊ËπÊ

Õ“®‰¡à‡ªìπ —≠≠“≥´“¬πå ´÷Ëß·À≈àß®à“¬‡À≈à“π’È¡’ —≠≠“≥Œ“√å‚¡π‘° å√«¡Õ¬Ÿà¥â«¬ ¥—ßπ—Èπ„π°“√ÕÕ°·∫∫À¡âÕ·ª≈ß

‡æ◊ËÕ√Õß√—∫°—∫·À≈àß®à“¬∑’Ë‰¡à‡ªìπ —≠≠“≥´“¬πå®–µâÕß§”π÷ß∂÷ß§à“ Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°·≈–√“§“¢Õß·ºàπ‡À≈Á° ·ºàπ

‡À≈Á°∑’Ë¡’§«“¡∫“ß®–¡’§à“§«“¡ Ÿ≠‡ ’¬µË”°«à“·ºàπ‡À≈Á°∑’ËÀπ“·µà√“§“°Á®– Ÿß°«à“ ¥—ßπ—Èπ°“√ÕÕ°·∫∫∑’Ë¥’π—Èπ®–µâÕß

§”π÷ß§«“¡‡À¡“– ¡„π¥â“π«‘»«°√√¡·≈–¥â“π‡»√…∞»“ µ√åª√–°Õ∫°—π¥â«¬

2. ∑ƒ…Æ’

§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·ºàπ‡À≈Á°¢ÕßÀ¡âÕ·ª≈ß¢÷ÈπÕ¬Ÿà°—∫¢π“¥·≈–√Ÿª√à“ß§≈◊Ëπ¢Õß§à“§«“¡Àπ“·πàπ¢Õß ‡ âπ

·√ß·¡à‡À≈Á° (B) ´÷Ëß§à“ B ¢÷ÈπÕ¬Ÿà°—∫§à“¢Õß·√ß¥—π‰øøÑ“ ‚¥¬∑’Ë≈–∑‘Èß§à“§«“¡µâ“π∑“π·≈–§à“√’·Õ§·µπ´å√—Ë« ´÷Ëß

§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·ºàπ‡À≈Á°ª√–°Õ∫‰ª¥â«¬ 2  à«π §◊Õ

2.1 °“√ Ÿ≠‡ ’¬®“°Œ’ ‡µÕ√’´‘ 

®“° [1] ‡¡◊ËÕ§≈◊Ëπ¢Õß·√ß¥—π‰¡à‡ªìπ√Ÿª§≈◊Ëπ´“¬πå ®–‰¥â

V(ωt) §◊Õ ·√ß¥—π‰øøÑ“™—Ë«¢≥–, V

Vn(rms) §◊Õ §à“·√ß¥—πª√– ‘∑∏‘º≈∑’Ë§à“≈”¥—∫Œ“√å‚¡π‘° å„¥Ê, V

ω §◊Õ §«“¡∂’Ë‡™‘ß¡ÿ¡ radian/sec

n §◊Õ ≈”¥—∫Œ“√å‚¡π‘° å

t §◊Õ ‡«≈“, «‘π“∑’

φn §◊Õ ¡ÿ¡‡ø ¢ÕßŒ“√å‚¡π‘° å∑’Ë n

 ”À√—∫¢π“¥§«“¡Àπ“·πàπ¢Õß‡ âπ·√ß·¡à‡À≈Á°®–‰¥â

(1)

B(max) §◊Õ §«“¡Àπ“·πàπ Ÿß ÿ¥¢Õß‡ âπ·√ß·¡à‡À≈Á°, Weber/m2

V(ave) §◊Õ §à“·√ß¥—π‰øøÑ“‡©≈’Ë¬, V

V(max) §◊Õ §à“·√ß¥—π‰øøÑ“ Ÿß ÿ¥, V

N §◊Õ ®”π«π√Õ∫¢Õßµ—«π”, turn

(2)

V(ωt) Vn(rmt) sin (nωt + φn)= Σ
n=1

n= 8

2

1
B(max) . V(ωt) d(ωt) = .V(ave) = .V(max)=

2.N.A.ω
π π

0π 2.N.A.ω
π

N.A.ω
1

∫
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A §◊Õ æ◊Èπ∑’ËÀπâ“µ—¥¢Õß·°π‡À≈Á°, m2

‚¥¬∑’Ë

 ”À√—∫§≈◊Ëπ·√ß¥—π∑’Ëµ—¥ºà“π‡ âπ·√ß¥—π»Ÿπ¬å¡’§√—Èß‡¥’¬«¢Õß∑ÿ°Ê ‰´‡§‘≈¥—ß√Ÿª∑’Ë 1 §«“¡™—π¢Õß§≈◊Ëπ B ®–‰¡à

‡ª≈’Ë¬π‡§√◊ËÕßÀ¡“¬ ́ ÷Ëß· ¥ß‰¥â„π™à«ß√–À«à“ o < wt < p °“√§”π«≥®–„™â Steinmetzûs formula ¥—ß ¡°“√∑’Ë 4

(3)

‡¡◊ËÕ

PH §◊Õ§à“ Ÿ≠‡ ’¬‡π◊ËÕß®“°Œ’ ‡µÕ√’´‘ , W

kH §◊Õ§à“§ß∑’Ë¢Õß«ß®√·¡à‡À≈Á°∑’Ë∑”°“√∑¥≈Õß

σ §◊Õ§à“ Steinmetzûs ¡’§à“√–À«à“ß 1.0 -3.0 ‚¥¬∑—Ë«‰ª°”Àπ¥ = 1.6

‡¡◊ËÕ

√Ÿª∑’Ë 1 Œ’ ‡µÕ√’´‘ ≈Ÿª ´÷Ëß Õ¥§≈âÕß°—∫·√ß¥—π‰¡à‡ªìπ´“¬πå, §à“ B ·≈–§à“ H

(4)

(5)

®–‰¥â

(6)

V BB Bmax

H
0 tω

π

H

ΣV(ave) cos φn

Vn(rms)

n=
2 2

π

π
PH .V(ave)kH .f .B(max) kH .f.

2NA ω
= =

σ σ

π
KH kH 

2 NA ω
=

σ

PH V(ave)KH .f . =
σ
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‡¡◊ËÕæ‘®“√≥“·√ß¥—πª√– ‘∑∏‘º≈∑’Ë·ºàπªÑ“¬∑’Ë§≈◊Ëπ¡Ÿ≈∞“π ‚¥¬·∑π ¡°“√∑’Ë 3 ≈ß„π ¡°“√∑’Ë 6 ·≈–·∑π§à“

φn= 0° ®–‰¥â §à“ Ÿ≠‡ ’¬‡π◊ËÕß®“°Œ’ ‡µÕ√’´‘ ¥—ß ¡°“√∑’Ë 7

PHN §◊Õ §à“ Ÿ≠‡ ’¬‡π◊ËÕß®“°Œ’ ‡µÕ√’´‘ ∑’Ë·√ß¥—π·ºàπªÑ“¬™◊ËÕ∑’Ë§≈◊Ëπ¡Ÿ≈∞“π, W

V(rms) §◊Õ §à“·√ß¥—πª√– ‘∑∏‘º≈∑’Ë·√ß¥—π∑’Ë·ºàπªÑ“¬™◊ËÕ, V

¥—ßπ—Èπ  “¡“√∂À“§à“ °”≈—ß‰øøÑ“ Ÿ≠‡ ’¬¢Õß·°π‡À≈Á° ‡¡◊ËÕæ‘®“√≥“·√ß¥—πŒ“√å‚¡π‘° å√à«¡¥â«¬ ¥—ß ¡°“√∑’Ë

8-10

(7)

2.2 °“√ Ÿ≠‡ ’¬®“°°√–· ‰À≈«π

®“° [1] §à“ Ÿ≠‡ ’¬®“°°√–· ‰À≈«π¢Õß·ºàπ‡À≈Á°∫“ß ‡¡◊ËÕ‡°‘¥ —≠≠“≥Œ“√å‚¡π‘° å√à«¡¥â«¬ ¥—ß ¡°“√∑’Ë 11

(8)

(9)

(10)

Pecn §◊Õ §à“ Ÿ≠‡ ’¬‡π◊ËÕß®“°°√–· ‰À≈«π ∑’Ë≈”¥—∫Œ“√å‚¡π‘° å„¥Ê, W

Bn(max) §◊Õ §«“¡Àπ“·πàπ Ÿß ÿ¥¢Õß‡ âπ·√ß·¡à‡À≈Á° ∑’Ë≈”¥—∫Œ“√å‚¡π‘° å„¥Ê, Weber/m2

Ke §◊Õ §à“§ß∑’Ë¢÷ÈπÕ¬Ÿà°—∫§à“§«“¡µâ“π∑“π®”‡æ“–·≈–§«“¡Àπ“¢Õß·ºàπ‡À≈Á°

Cen §◊Õ §à“øíß°å™—π∑’Ëª√—∫§à“

(11)

2. 2 .V(rms)

π

σ
PHN KH .f . =

Σ
n=1

n= 8

cos φn

Vn(rms)2. 2
π

σ
PH KH .f. =

n

Σ
n=1

n= 8

cos φn

Vn
(rms)2. 12 .V(rms)

V(rms)π

σσ
PH KH .f. =

n

Σ
n=1

n= 8

cos φn

Vn
(rms)

σ
PH PHN . =

V(rms)

1

n
.

Pecn Ke .n2 .f 2 .B 2 = n (max) .Cen
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‡¡◊ËÕ

(12)

(13)

‚¥¬∑’Ë

‡¡◊ËÕ

π §◊Õ §à“§ß∑’Ë ¡’§à“ 3.141592654

§◊Õ §à“§«“¡Àπ“¢Õß·ºàπ‡À≈Á°, m

µ §◊Õ §à“§«“¡´÷¡´“∫ π“¡·¡à‡À≈Á° H/m

γ §◊Õ §à“§«“¡π”®”‡æ“–¢Õß·°π‡À≈Á°, mho/m

ρ §◊Õ §à“§«“¡µâ“π∑“π®”‡æ“–¢Õß·°π‡À≈Á°, Ω-m

∑’Ë§«“¡∂’Ë§≈◊Ëπ¡Ÿ≈∞“π (n = 1)  n.f = 50 Hz ∑’Ë‡∫Õ√å M5 §à“ Cen= Ce1 0.99794 ≈ 1 ·≈–∑’Ë‡∫Õ√å M4 §à“

Cen= Ce1 = 0.9980 ≈ 1 (®“°ß“π«‘®—¬π’È §à“æ“√“¡‘‡µÕ√å· ¥ß¥—ßµ“√“ß∑’Ë 1 ·≈–∑’Ë 2 µ“¡≈”¥—∫)  ¥—ßπ—Èπ ®“°

 ¡°“√∑’Ë 11 ∂â“æ‘®“√≥“‡©æ“–§≈◊Ëπ¡Ÿ≈∞“π‡æ◊ËÕÀ“§à“ PecN ®–‰¥â¥—ß ¡°“√∑’Ë 16

(14)

(15)

(16)

Ce1 §◊Õ §à“øíß°å™—π∑’Ëª√—∫§à“ ∑’Ë§≈◊Ëπ¡Ÿ≈∞“π (n = 1)

PecN §◊Õ §à“ Ÿ≠‡ ’¬‡π◊ËÕß®“°°√–· ‡ÕÁ¥¥’∑’Ë·√ß¥—π∑’Ë·ºàπªÑ“¬™◊ËÕ, W

‡¡◊ËÕ

(17)

¥—ßπ—Èπ  “¡“√∂ª√—∫ ¡°“√∑’Ë 11 ‡ªìπ ¡°“√∑’Ë 18  ‰¥â§◊Õ

(18)

Cen 1-0.0017ξ3.61, ξ < 3.6=

3

ξ
Cen , ξ > 3.6=

ξ π .µ .γ .n .f=

γ =
1

ρ

PecN Ke .f 
2.B2

 = (max)

Bn(max) = =
Φn(max)

A

Vn(max)

ω.n.A.N
=

2 .Vn(rms)

ω.n.A.N

2.Vn(rms)Pecn K e .n
2 .f 2 . .Cen=

ω.n.A.N

2

∇
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·≈–

(19)

®“°§«“¡ —¡æ—π∏å

¥—ßπ—Èπ

(20)

(21)

(22)

‡¡◊ËÕ  n = 1  ®–‰¥â  Ce1 ≈ 1  (®“°°“√∑¥ Õ∫„πß“π«‘®—¬π’È)

¥—ßπ—Èπ

(23)

(24)

(25)

À√◊Õ

¥—ßπ—Èπ

(26)

Pcore §◊Õ §à“ Ÿ≠‡ ’¬¢Õß·°π‡À≈Á° ‚¥¬æ‘®“√≥“§à“ Ÿ≠‡ ’¬Õ—π‡π◊ËÕß®“°Œ“√å‚¡π‘° å√à«¡¥â«¬, W

2.Vn(rms) .B(max)Pecn Ke . .f 2. .Cen=
ω.n.A.N(max)

n2

n2

2

V(max) = ω.A.N.B(max)

Vn(max)Pecn Ke .B
2 .Cen=

V(max)

2

(max) .f 2.

Σ
n=1

n= 8

Σ
n=1

n= 8

Pec Pecn  ==
Vn(max)Ke .B

2 .Cen
V(max)

2

(max) .f 2.

V1(max)Pec Ke .B
2 .Ce1 +=

V(max)

2

(max) .f 2. Σ
n≠1

n= 8 Vn(max)Ke .B
2 .Cen

V(max)

2

(max) .f 2.

V1(max)Pec Ke .B
2 1 +=

V(max)

2 2

(max) .f 2. Σ
n ≠ 1

n = 8 Vn(max) .Cen
V(max)

V(max)

V1(max)

2

V1(max)Pec PecN 1 +=
V(max)

2

Σ
n ≠ 1

n = 8 Vn(max) .Cen
V1(max)

2

V1(rms)Pec PecN 1 +=
V(rms)

2

Σ
n ≠ 1

n = 8 Vn(rms) .Cen
V1(rms)

2

Pcore Pec  + PH=
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3. ¢—ÈπµÕπ°“√∑¥ Õ∫

°“√∑¥ Õ∫‰¥â„™â™ÿ¥∑¥ Õ∫ Epstein ·≈–„™â·À≈àß®à“¬Õ‘π‡«Õ√å‡µÕ√å· ¥ß¥—ß√Ÿª∑’Ë 2 √Ÿª§≈◊Ëπ —≠≠“≥·√ß

¥—π‰øøÑ“¢Õß·°π‡À≈Á°‡∫Õ√å M5 · ¥ß¥—ß√Ÿª∑’Ë 3-12  à«π√Ÿª§≈◊Ëπ —≠≠“≥·√ß¥—π‰øøÑ“¢Õß·°π‡À≈Á°‡∫Õ√å M4 · ¥ß

¥—ß√Ÿª∑’Ë 13-18

µ“√“ß∑’Ë 1 ¢âÕ¡Ÿ≈®”‡æ“–¢Õß·°π‡À≈Á°‡∫Õ√å M5 ·≈–¢¥≈«¥‡¡◊ËÕ∑”°“√ÕÕ°·∫∫

Vrms(sin) ∑’Ë·ºàπªÑ“¬™◊ËÕ = 4.5 V Bmax = 1.482 Tesla ∑’Ë Vrms(sin)= 4.5 V °”≈—ß Ÿ≠‡ ’¬·°π‡À≈Á°®“°°“√∑¥ Õ∫∑’Ë Vrms sin 50 Hz = 1.67 w

irms = 0.4 A ∑’Ë Vrms(sin)= 4.5 V Hmax= 40 A.t/m ∑’Ë Vrms(sin) = 4.5 V °”≈—ß Ÿ≠‡ ’¬·°π‡À≈Á°®“°°“√∑¥ Õ∫∑’Ë Vrms sin 35 Hz = 0.99 w

Widecore = 3 cm

Longcore = 28 cm

Coil = 50 turn

µ = 0.0370 H/m ∑’Ë Vrms(sin) = 4.5 V

  = 0.3 mm (M5)

ρ = 47 µΩ − c.m. [3]

PHN = 0.818 w PecN = 0.852 w

®”π«π·ºàπ‡À≈Á°  =  128 ·ºàπ

πÈ”Àπ—°·°π‡À≈Á°∑—ÈßÀ¡¥  = 2.3936 kg

Vrms(sin) ∑’Ë·ºàπªÑ“¬™◊ËÕ = 4.5 V Bmax = 1.5 Tesla ∑’Ë Vrms(sin)= 4.5 V °”≈—ß Ÿ≠‡ ’¬·°π‡À≈Á°®“°°“√∑¥ Õ∫∑’Ë Vrms sin 50 Hz = 1.52 w

irms = 0.458 A ∑’Ë Vrms(sin)= 4.5 V Hmax= 40 A.t/m ∑’Ë Vrms(sin) = 4.5 V °”≈—ß Ÿ≠‡ ’¬·°π‡À≈Á°®“°°“√∑¥ Õ∫∑’Ë Vrms sin 35 Hz = 0.87 w

Widecore = 3 cm

Longcore = 28 cm

Coil = 50 turn

µ = 0.0375 H/m ∑’Ë Vrms(sin) = 4.5 V

   = 0.27 mm (M4)

ρ = 47 µΩ − c.m. [3]

PHN = 0.733 w PecN = 0.667 w

®”π«π·ºàπ‡À≈Á°  =  140 ·ºàπ

πÈ”Àπ—°·°π‡À≈Á°∑—ÈßÀ¡¥  = 2.3422 kg

µ“√“ß∑’Ë 2  ¢âÕ¡Ÿ≈®”‡æ“–¢Õß·°π‡À≈Á°‡∫Õ√å M4 ·≈–¢¥≈«¥‡¡◊ËÕ∑”°“√ÕÕ°·∫∫

∇

∇

√Ÿª∑’Ë 2  ™ÿ¥∑¥ Õ∫ Epstein ·≈–·À≈àß®à“¬Õ‘π‡«Õ√å‡µÕ√å

28 cm

3 cmEpstein test apparatus

              
 

 

Power meter (FLUKE 41B)

Storage Oscilloscope (Yokogawa DL 1520)

Inverter

current probe

Data from -
Oscilloscope

Function fft of Matlab Program
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√Ÿª∑’Ë 3 √Ÿª·√ß¥—π —≠≠“≥´“¬πå 35 Hz, Vrms = 3.15 V
 √â“ß‚¥¬„™â´‘ß‚§√π—  ‡®π‡πÕ‡√‡µÕ√å ·≈–ºà“π™ÿ¥°√Õß
§«“¡∂’ËµË”ºà“π ‡À≈Á°M5

√Ÿª∑’Ë 4 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥´“¬πå 50 Hz ∑’Ë·√ß¥—π
Vrms = 4.5 V ‡À≈Á° M5

√Ÿª∑’Ë 5 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) = 4.1 V,%THD
V  
= 55.1 % ‡À≈Á° M5

√Ÿª∑’Ë 6 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) 
= 4.3 V,%THD

V
 = 55.3% ‡À≈Á°M5

√Ÿª∑’Ë 7 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) 
= 4.5 V,%THD

V
 = 53.2% ‡À≈Á° M5

√Ÿª∑’Ë 8 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) 
= 4.7 V,%THD

V 
= 52.8% ‡À≈Á° M5

√Ÿª∑’Ë 9 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
·≈–ºà“π™ÿ¥°√Õß§«“¡∂’ËµË”ºà“π ‚¥¬°“√ª√—∫§à“ V

1(rms)
=  4.1

V,%THD
V 
= 29.8% ‡À≈Á° M5

√Ÿª∑’Ë 10 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50
Hz ·≈–ºà“π™ÿ¥°√Õß§«“¡∂’ËµË”ºà“π ‚¥¬°“√ª√—∫§à“ V

1(rms)

= 4.3 V,%THD
V  
= 30.5%

 
‡À≈Á° M5
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√Ÿª∑’Ë 11 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
·≈–ºà“π™ÿ¥°√Õß§«“¡∂’ËµË”ºà“π ‚¥¬°“√ª√—∫§à“ V

1(rms)
 = 4.5

V,%THD
V 
= 32.8% ‡À≈Á° M5

√Ÿª∑’Ë 12 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
·≈–ºà“π™ÿ¥°√Õß§«“¡∂’ËµË”ºà“π ‚¥¬°“√ª√—∫§à“ V

1(rms)
= 4.7

V,%THD
V 
= 34.7% ‡À≈Á°M5

√Ÿª∑’Ë 13 √Ÿª·√ß¥—π —≠≠“≥´“¬πå 35 Hz, V
rms 

= 3.15 V
 √â“ß‚¥¬„™â´‘ß‚§√π— ‡®π‡πÕ‡√‡µÕ√å ·≈–ºà“π™ÿ¥°√Õß§«“¡∂’Ë
µË”ºà“π·°π‡À≈Á° M4

√Ÿª∑’Ë 14 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥´“¬πå 50 Hz ∑’Ë·√ß¥—π
V

rms 
= 4.5 V ‡À≈Á° M4

√Ÿª∑’Ë 15 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms)
 = 4.1 V,%THDV = 48.9% ‡À≈Á° M4

√Ÿª∑’Ë 16 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) 
= 4.3 V,%THDV  = 50.4% ‡À≈Á°M4

√Ÿª∑’Ë 17 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) 
= 4.5 V,%THD

V 
 = 49.3% ‡À≈Á° M4

√Ÿª∑’Ë 18 √Ÿª —≠≠“≥·√ß¥—π —≠≠“≥ Quasi Square 50 Hz
‚¥¬°“√ª√—∫§à“ V

1(rms) 
= 4.5 V,%THD

V 
 = 50.0% ‡À≈Á° M4
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µ“√“ß∑’Ë 3  °“√§”π«≥À“¢π“¥ (Mag) / ¡ÿ¡ (Degree) ¢Õß Vn(rms)®“°√Ÿª∑’Ë 5 -8 ·≈–√Ÿª∑’Ë 15-18 ®“°øíß°å™—π FFT

order √Ÿª∑’Ë 5 √Ÿª∑’Ë 6 √Ÿª∑’Ë 7 √Ÿª∑’Ë 8 √Ÿª∑’Ë 15 √Ÿª∑’Ë 16 √Ÿª∑’Ë 17 √Ÿª∑’Ë 18

1

2

3

4

5

6

7

8

9

10

11

12

13

Pec

PH

Pc_c

Pc_t

Abe

%Re

4.1636

/-21.65°
0.2949

/-69.38°
0.4217

/56.64°
0.2251

/-79.38°
1.0415

/38.12°
0.1671

/-70.17°
0.5065

/-9.00°
0.1712

/-73.59°
0.2533

/77.84°
0.1396

/-82.07°
0.5178

/39.94°
0.1121

/-75.18°
0.2549

/-0.63°
0.808

0.780

1.588

1.6

-0.012

-0.75

4.3148

/-22.50°
0.3123

/-69.53°
0.4538

/57.69°
0.2418

/-83.20°
1.0869

/36.05°
0.1758

/-71.04°
0.5049

/-12.18°
0.2074

/-72.42°
0.2833

/78.54°
0.1549

/-85.90°
0.5288

/36.02°
0.1200

/-71.04°
0.2323

/-5.09°
0.887

0.822

1.709

1.7

-0.009

0.529

4.5218

/-22.61°
0.2609

/-68.83°
0.4484

/60.39°
0.2238

/-84.23°
1.1412

/36.22°
0.1771

/-70.80°
0.5437

/-12.08°
0.1905

/-73.33°
0.2923

/79.89°
0.1449

/-85.34°
0.5566

/38.17°
0.1183

/-68.36°
0.2626

/-3.417°
0.967

0.878

1.845

1.9

-0.055

-2.895

4.6890

/-23.00°
0.2529

/-72.79°
0.4441

/60.40°
0.2122

/-84.58°
1.1867

/36.67°
0.1786

/-69.21°
0.5758

/-13.31°
0.1949

/-74.60°
0.2801

/80.23°
0.1427

/268.8°
0.5761

/39.45°
0.1213

/-68.00°
0.2851

/-4.67°
1.174

0.921

2.095

2

0.095

4.75

4.0706

/-19.02°
0.2030

/-78.4°
0.2820

/48.60°
0.1658

/-87.54°
0.8915

/40.05°
0.1334

/264.68°
0.6450

/-4.45°
0.1178

/250.07°
0.1302

/11.64°
0.0959

/244.38°
0.4173

/44.37°
0.0981

/243.98°
0.4245

/3.06°
0.884

0.540

1.424

1.5

-0.076

-5.067

4.1477

/-19.99°
0.31

/-76.17°
0.5917

/65.99°
0.3162

/-82.57°
1.1482

/40.25°
0.2742

/-83.62°
0.5041

/2.56°
0.2847

/-81.52°
0.4110

/78.50°
0.2446

/-88.63°
0.6181

/45.34°
0.2367

/-85.39°
0.2637

/25.98°
1.017

0.576

1.593

1.7

-0.107

-6.294

4.4654

/-20.89°
0.2974

/-75.94°
0.5978

/66.726°
0.2940

/-84.42°
1.2444

/38.10°
0.2819

/-82.75°
0.5706

/-1.66°
0.2985

/-89.53°
0.4034

/76.49°
0.2795

/262.74°
0.6617

/42.23°
0.2388

/266.79°
0.3073

/13.51°
1.120

0.641

1.761

1.8

-0.039

-2.167

4.5884

/-20.90°
0.3128

/-78.46°
0.6388

/68.68°
0.3190

/-84.43°
1.2861

/39.96°
0.2933

/-80.96°
0.5752

/-0.11°
0.3267

/-88.49°
0.4590

/80.16°
0.2874

/266.65°
0.6915

/44.21°
0.2704

/-87.69°
0.3085

/19.89°
1.224

0.666

1.89

2

-0.110

-5.5
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º≈°“√∑¥ Õ∫‚¥¬„™â‡§√◊ËÕß¡◊Õ«—¥°”≈—ß‰øøÑ“¬’ËÀâÕ Fluke 41B ‡ª√’¬∫‡∑’¬∫°—∫°“√§”π«≥ ‚¥¬„™â Storage

Oscilloscope ¬’ËÀâÕ Yokogawa √ÿàπ DL1520 ®—∫ —≠≠“≥·√ß¥—π‰øøÑ“ ®“°π—Èπ„™âøíß°å™—π FFT ¢Õß‚ª√·°√¡

Matlab À“¢π“¥·≈–¡ÿ¡‡ø ¢ÕßŒ“√å‚¡π‘° å≈”¥—∫∑’Ë 1-29 ¢Õß·√ß¥—π∑’Ë«—¥‰¥â®“° Oscilloscope (√Ÿª∑’Ë 3-18) §à“

µà“ßÊ ∑’Ë‰¥â®“°°“√«—¥·≈–°“√§”π«≥· ¥ß¥—ßµ“√“ß∑’Ë 3

√Ÿª∑’Ë 19 °“√‡ª√’¬∫‡∑’¬∫ V(rms) ∑’Ë≈”¥—∫Œ“√å‚¡π‘° åµà“ßÊ ¢Õß·°π‡À≈Á°‡∫Õ√å M5 ‡¡◊ËÕµ—Èß§à“ V1(rms)  ®“° Fluke 41B
‡∑à“°—∫ 4.5 Volts (√Ÿª∑’Ë 6) ‡∑’¬∫°—∫°“√§”π«≥ ‚¥¬„™â¢âÕ¡Ÿ≈®“° Storage Oscilloscope √à«¡°—∫øíß°å™—π FFT

√Ÿª∑’Ë 20 °“√‡ª√’¬∫‡∑’¬∫ V(rms) ∑’Ë≈”¥—∫Œ“√å‚¡π‘° åµà“ßÊ ¢Õß·°π‡À≈Á°‡∫Õ√å M4 ‡¡◊ËÕµ—Èß§à“ V1(rms) ®“° Fluke 41B
‡∑à“°—∫ 4.5 Volts ‡∑’¬∫°—∫°“√§”π«≥ ‚¥¬„™â¢âÕ¡Ÿ≈®“° Storage Oscilloscope √à«¡°—∫øíß°å™—π FFT

√Ÿª∑’Ë 21 °√“ø‡ª√’¬∫‡∑’¬∫§à“°”≈—ß Ÿ≠‡ ’¬‡À≈Á°‡∫Õ√å M5
®“°§à“∑’Ë«—¥‰¥â‡∑’¬∫°—∫°“√§”π«≥

®“°·À≈àß®à“¬ √Ÿª∑’Ë 5-8

√Ÿª∑’Ë 22 °√“ø‡ª√’¬∫‡∑’¬∫§à“°”≈—ß Ÿ≠‡ ’¬‡À≈Á°‡∫Õ√å M5
®“°§à“∑’Ë«—¥‰¥â‡∑’¬∫°—∫°“√§”π«≥

®“°·À≈àß®à“¬√Ÿª∑’Ë 9-12

4.6
4.4
4.2
4

3.8
3.6
3.4
3.2
3

2.8
2.6
2.4
2.2
2

1.8
1.6
1.4
1.2
1

0.8
0.6
0.4
0.2
0

1 2 4 5 6 7 8 9 10 11 12 13 14

V Fluke 41B

V FFT Osc

≈”¥—∫Œ“√å‚¡π‘° å

15 16 17 18 19 20 21 22 23 24 25 26 27 28 293

Volt

V Fluke 41B

≈”¥—∫Œ“√å‚¡π‘° å

V FFT Osc

1 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 293

4.6
4.4
4.2
4

3.8
3.6
3.4
3.2
3

2.8
2.6
2.4
2.2
2

1.8
1.6
1.4
1.2
1

0.8
0.6
0.4
0.2
0

Volt

2
2.2

1.8
1.6
1.4
1.2
1

0.8
0.6
0.4
0.2
0

 V1(rms) = 4.7V

CoreLoss Test(M5) CoreLoss Calculated(M5) Absolute Error

2
1.8
1.6
1.4
1.2
1

0.8
0.6
0.4
0.2
0

V1(rms) = 4.7V

Watt Watt

CoreLoss Test(M5) CoreLoss Calculated(M5) Absolute Error
V1(rms) = 4.1V V1(rms) = 4.3V  V1(rms) = 4.5V V1(rms) = 4.1V V1(rms) = 4.3V V1(rms) = 4.5V
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4. «‘‡§√“–Àåº≈°“√∑¥ Õ∫

4.1 ®“°√Ÿª∑’Ë 5-8 ·≈–√Ÿª∑’Ë 15-18 ‡ªìπº≈°“√∑¥ Õ∫¢Õß§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‡∫Õ√å M5 ·≈–

M4 µ“¡≈”¥—∫ ´÷Ëß‡ÀÁπ‰¥â«à“∑’Ë V(rms) ¡’√Ÿª·∫∫¢Õß‡ªÕ√å‡´Áπµå§«“¡º‘¥‡æ’È¬π¢Õß —≠≠“≥„°≈â‡§’¬ß°—π º≈≈—æ∏å§à“

®“°°“√«—¥¡’§à“„°≈â‡§’¬ß°—∫°“√§”π«≥ ́ ÷Ëß· ¥ß«à“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ( ¡°“√∑’Ë 26 ́ ÷Ëß‰¥â®“° ¡°“√∑’Ë 10

∫«° ¡°“√∑’Ë 25)  “¡“√∂π”‰ª„™â°—∫·°π‡À≈Á°∑’Ë¡’§«“¡Àπ“‡∫Õ√åµà“ßÊ ‰¥â

4.2 ®“°√Ÿª∑’Ë 5-8 ·≈–√Ÿª∑’Ë 9-12 ‡ªìπº≈°“√∑¥ Õ∫¢Õß§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‡∫Õ√å M5 ´÷Ëß

‡ÀÁπ‰¥â«à“∑’Ë V(rms) ‡ªÕ√å‡´Áπµå§«“¡º‘¥‡æ’È¬π¢Õß —≠≠“≥·µ°µà“ß°—π º≈≈—æ∏å§à“®“°°“√«—¥¡’§à“„°≈â‡§’¬ß°—∫°“√§”π«≥

´÷Ëß· ¥ß«à“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ( ¡°“√∑’Ë 26)  “¡“√∂π”‰ª„™â∑’Ë§«“¡º‘¥‡æ’È¬π¢Õß —≠≠“≥·√ß¥—π∑’Ë√Ÿª

·∫∫·µ°µà“ß°—π‰¥â ·µàµâÕßÕ¬Ÿà„π‡ß◊ËÕπ‰¢¢Õß∑ƒ…Æ’π’È

√Ÿª∑’Ë 23 °√“ø‡ª√’¬∫‡∑’¬∫§à“°”≈—ß Ÿ≠‡ ’¬‡À≈Á° M4 ®“°
§à“«—¥‰¥â‡∑’¬∫°—∫§”π«≥®“°·À≈àß®à“¬√Ÿª∑’Ë 15-18

√Ÿª∑’Ë 24 °√“ø‡ª√’¬∫‡∑’¬∫§à“°”≈—ß Ÿ≠‡ ’¬‡À≈Á° M5
®“°§à“∑’Ë«—¥‰¥â°—∫§à“®“°√Ÿª∑’Ë 5-12

√Ÿª∑’Ë 25 °√“ø‡ª√’¬∫‡∑’¬∫§à“°”≈—ß Ÿ≠‡ ’¬ ®“°§à“∑’Ë«—¥‰¥â‡∑’¬∫°—∫§à“®“°°“√§”π«≥ ®“°√Ÿª∑’Ë 5-8 ·≈–15-18

À¡“¬‡Àµÿ

Pc_t  = Core loss by Test (®“° Fluke 41B),  Pc_c = Calculated Core loss

Abe(Absolute error) =  Pc_c − Pc_t , % Re (Relative error) =                    x 100

2

2.2

1.8

1.6
1.4
1.2

1
0.8

0.6

0.4

0.2
0

V1(rms) = 4.1V  V1(rms) = 4.3V  V1(rms) = 4.5V  V1(rms) = 4.7V

CoreLoss Test (no filter)

CoreLoss Test (filter)

CoreLoss Calculated (no filter)

CoreLoss Calculated (filter)

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0

V1(rms) = 4.1V  V1(rms) = 4.3V  V1(rms) = 4.5V  V1(rms) = 4.7V

CoreLoss Test(M4) CoreLoss Calculated(M4) Absolute Error

Watt Watt

2.2

2

1.8

1.6

1.4

1.2
1

0.8

0.6

0.4
0.2

0

Watt

V1(rms) = 4.1V V1(rms) = 4.3V V1(rms) = 4.5V V1(rms) = 4.7V

CoreLoss Test (M5)

CoreLoss Test (M4)

CoreLoss Calculated (M5)

CoreLoss Calculated (M4)

Pc_c − Pc_t
Pc_t
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4.3 ®“°√Ÿª∑’Ë 21 ·≈– √Ÿª∑’Ë 23 ‡ªìπº≈°“√∑¥ Õ∫¢Õß§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‡∫Õ√å M5 ·≈– M4

®“°¢âÕ¡Ÿ≈¢Õß·ºàπªÑ“¬™◊ËÕ‡¡◊ËÕ°”Àπ¥„Àâ·√ß¥—π —≠≠“≥´“¬πå∑’Ëæ‘°—¥¡’§à“ V(rms)  ‡∑à“°—∫ 4.5 V ´÷Ëß®“°°“√∑¥ Õ∫

 ¡¡µ‘«à“‡°‘¥§«“¡º‘¥‡æ’È¬π¢Õß —≠≠“≥∑”„Àâ‡°‘¥ V1(rms)  ¡’§à“µà“ßÊ (4.1V, 4.3V, 4.5V, 4.7V) ‡ÀÁπ‰¥â«à“§à“®“°°“√

§”π«≥®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ( ¡°“√∑’Ë 26) ¡’§à“„°≈â‡§’¬ß°—∫°“√∑¥ Õ∫ · ¥ß«à“∂÷ß·¡â«à“·√ß¥—π∑’Ë

À¡âÕ·ª≈ß‰¥â√—∫¡’§à“¡“°°«à“À√◊ÕπâÕ¬°«à“·√ß¥—π∑’Ëæ‘°—¥∑’Ë·ºàπªÑ“¬™◊ËÕ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ( ¡°“√∑’Ë 26) °Á

 “¡“√∂„™â„π°“√§”π«≥‰¥â

4.4 ®“°√Ÿª∑’Ë 19 ·≈–√Ÿª∑’Ë 20 ‡ªìπº≈°“√∑¥ Õ∫«—¥§à“·√ß¥—πª√– ‘∑∏‘º≈¢ÕßŒ“√å‚¡π‘° å≈”¥—∫µà“ßÊ ¢Õß

·°π‡À≈Á°‡∫Õ√å M4 ·≈–‡∫Õ√å M5 ¥â«¬‡§√◊ËÕß¡◊Õ«—¥°”≈—ß‰øøÑ“¬’ËÀâÕ Fluke 41B ‡∑’¬∫°—∫°“√„™â Storage Oscillo-

scope ¬’ËÀâÕ Yokogawa √ÿàπ DL 1520 ‡æ◊ËÕ‡°Á∫¢âÕ¡Ÿ≈·≈–∫—π∑÷°¢âÕ¡Ÿ≈¥â«¬·øÑ¡π“¡ °ÿ≈ CSV ®“°π—Èππ”¢âÕ¡Ÿ≈

§”π«≥¥â«¬øíß°å™—π FFT ¢Õß‚ª√·°√¡ Matlab ´÷Ëß· ¥ß„Àâ‡ÀÁπ‰¥â«à“§à“·√ß¥—π‰øøÑ“∑’Ë·°π‡À≈Á°‡∫Õ√å M5 ·≈–

M4 ∑’Ë‰¥â®“°°“√«—¥¡’§à“„°≈â‡§’¬ß°—∫°“√§”π«≥

4.5 ®“°√Ÿª∑’Ë 25 ‡ªìπº≈°“√∑¥ Õ∫¢Õß§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‡∫Õ√å M5 ´÷Ëß¡’§à“¡“°°«à“‡∫Õ√å

M4  ∑—Èß§à“∑’Ë«—¥‰¥â·≈–§à“∑’Ë§”π«≥‰¥â (¬°‡«âπ∑’Ë§à“ V
1(rms)

= 4.3 V §à“∑’Ë«—¥‰¥â¡’§à“‡∑à“°—π  “‡ÀµÿÕ—π‡π◊ËÕß®“°‡§√◊ËÕß

¡◊Õ«—¥°”≈—ß‰øøÑ“· ¥ßº≈‡ªìπµ—«‡≈¢∑»π‘¬¡ 1 µ”·Àπàß‡∑à“π—Èπ) · ¥ß«à“·°π‡À≈Á°∑’Ë¡’§«“¡Àπ“¡“°§à“°”≈—ß Ÿ≠

‡ ’¬ Ÿß°«à“·°π‡À≈Á°∑’Ë¡’§«“¡Àπ“πâÕ¬°«à“ ·µà√“§“¢Õß·°π‡À≈Á°∑’Ë¡’§«“¡Àπ“¡“°°«à“√“§“®–∂Ÿ°°«à“ ¬°µ—«Õ¬à“ß‡™àπ

·°π‡À≈Á°‡∫Õ√å M4 ª°µ‘√“§“∑—Ë«‰ªªí®®ÿ∫—πª√–¡“≥ 90 ∫“∑/°‘‚≈°√—¡ ·≈–·°π‡À≈Á°‡∫Õ√å M5 ª√–¡“≥ 80 ∫“∑/

°‘‚≈°√—¡ ‡¡◊ËÕ∑”°“√ÕÕ°·∫∫À¡âÕ·ª≈ß®”Àπà“¬ 1 ‡ø   “¡“√∂· ¥ß‰¥â¥—ßµ“√“ß∑’Ë 4

µ“√“ß∑’Ë 4  · ¥ß√“¬≈–‡Õ’¬¥µà“ßÊ ‡¡◊ËÕÕÕ°·∫∫‚¥¬„™â·°π‡À≈Á°‡∫Õ√å M5

¢π“¥  (kVA)

·√ß¥—π‰øøÑ“  (kV)

æ.∑. Àπâ“µ—¥  (cm2)

πÈ”Àπ—°·°π‡À≈Á°  (kg)

§à“§«“¡Àπ“·πàπ¢Õß·°π‡À≈Á° (kg/dm2)

√“§“¢Õß·°π‡À≈Á°∑—ÈßÀ¡¥ (∫“∑) ‡¡◊ËÕæ‘®“√≥“∑’Ë 80 ∫“∑/°.°.

°”≈—ß Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á° ‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå (Watt)

‚¥¬Õâ“ßÕ‘ß®“°º≈°“√∑¥≈Õß®“°µ“√“ß∑’Ë 1

æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™âß“πÀ¡âÕ·ª≈ß 15 ªï

‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå (kWh)

®”π«π‡ß‘π∑’Ë®à“¬‡π◊ËÕß®“°æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™â

ß“πÀ¡âÕ·ª≈ß 15 ªï ‚¥¬æ‘®“√≥“§à“æ≈—ßß“π‰øøÑ“ 1.7034  ∫“∑/ Àπà«¬

(‰¡à√«¡§à“§«“¡µâÕß°“√æ≈—ßß“π‰øøÑ“) [4] ‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥

´“¬πå (∫“∑)

°”≈—ß Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ —≠≠“≥´“¬πå (kW)

(‚¥¬Õâ“ßÕ‘ß®“°º≈°“√∑¥≈Õßµ“√“ß∑’Ë 3 √Ÿª∑’Ë 7 1.845W / 2.3936 kg

= 0.77 Watt/kg  §Ÿ≥¥â«¬πÈ”Àπ—°·°π‡À≈Á°)

æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™âß“πÀ¡âÕ·ª≈ß 15 ªï

‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ —≠≠“≥´“¬πå (kWh)

20

22

72.97

77.69

7.65

6,215.2

54.2

7,121.88

12,131.41

59.821

7,860.479

30 (model A)

22

84.34

95.78

7.65

7,662.4

66.825

8,780.805

14,957.223

73.751

9,690.881

30 (model B)

22

77.52

82.54

7.65

6,603.2

57.583

7,566.406

12,888.616

63.556

8,351.258

50

22

116.91

141.07

7.65

11,285.6

98.423

12,933.965

22,031.716

108.624

14,273.194
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µ“√“ß∑’Ë 5 · ¥ß√“¬≈–‡Õ’¬¥µà“ßÊ ‡¡◊ËÕÕÕ°·∫∫‚¥¬„™â·°π‡À≈Á°‡∫Õ√å M4

®”π«π‡ß‘π∑’Ë®à“¬‡π◊ËÕß®“°æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™â

ß“πÀ¡âÕ·ª≈ß 15 ªï ‚¥¬æ‘®“√≥“§à“æ≈—ßß“π‰øøÑ“ 1.7034  ∫“∑/ Àπà«¬

(‰¡à√«¡§à“§«“¡µâÕß°“√æ≈—ßß“π‰øøÑ“) [4] ‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ

 —≠≠“≥´“¬πå (∫“∑)

®”π«π‡ß‘π∑’Ë·µ°µà“ß¢Õßæ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°À¡âÕ·ª≈ß

‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå·≈–‰¡à‡ªìπ —≠≠“≥´“¬πå (∫“∑)

13,389.54

1,258.13

16,507.45

1,550.227

14,225.53

1,336.914

24,312.959

2,281.243

µ“√“ß∑’Ë 6  · ¥ß√“¬≈–‡Õ’¬¥µà“ßÊ ¢Õß§«“¡·µ°µà“ß‡¡◊ËÕÕÕ°·∫∫‚¥¬„™â·°π‡À≈Á°‡∫Õ√å M5 ‡∑’¬∫°—∫‡∫Õ√å M4

¢π“¥  (kVA)

√“§“‡À≈Á°‡∫Õ√å M4 ∑’Ë¡“°°«à“‡∫Õ√å M5  (∫“∑À√◊Õ %)

æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°¢Õß‡À≈Á°‡∫Õ√å M5 ∑’Ë¡“°°«à“ M4

‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå (kW À√◊Õ %)

√“§“æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°¢Õß‡À≈Á°‡∫Õ√å M5 ∑’Ë¡“°°«à“ M4

‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå (∫“∑À√◊Õ %)

æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°¢Õß‡À≈Á°‡∫Õ√å M5 ∑’Ë¡“°°«à“ M4

‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ —≠≠“≥´“¬πå (kW À√◊Õ %)

√“§“æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°¢Õß‡À≈Á°‡∫Õ√å M5 ∑’Ë¡“°°«à“ M4

‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ —≠≠“≥´“¬πå (∫“∑À√◊Õ %)

20

776.9/12.5

496/6.97

846.065/6.97

183.697/2.34

312.90/2.34

30 (model A)

957.8/12.5

612.98/6.98

1,044.153/6.98

226.533/2.34

385.88/2.34

30 (model B)

825.4/12.5

527.571/6.97

898.666/6.97

195.26/2.34

332.61/2.34

50

1,410.7/12.5

903.769/6.98

1,539.356/6.99

333.678/2.34

568.39/2.34

¢π“¥  (kVA)

·√ß¥—π‰øøÑ“  (kV)

æ.∑. Àπâ“µ—¥  (cm2)

πÈ”Àπ—°·°π‡À≈Á°  (kg)

§à“§«“¡Àπ“·πàπ¢Õß·°π‡À≈Á° (kg/dm2)

√“§“¢Õß·°π‡À≈Á°∑—ÈßÀ¡¥ (∫“∑) ‡¡◊ËÕæ‘®“√≥“∑’Ë 90 ∫“∑/°.°.

°”≈—ß Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á° ‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå (Watt)

‚¥¬Õâ“ßÕ‘ß®“°º≈°“√∑¥≈Õß®“°µ“√“ß∑’Ë 2

æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™âß“πÀ¡âÕ·ª≈ß 15 ªï

‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå (kWh)

®”π«π‡ß‘π∑’Ë®à“¬‡π◊ËÕß®“°æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™â

ß“πÀ¡âÕ·ª≈ß 15 ªï ‚¥¬æ‘®“√≥“§à“æ≈—ßß“π‰øøÑ“ 1.7034  ∫“∑/ Àπà«¬

(‰¡à√«¡§à“§«“¡µâÕß°“√æ≈—ßß“π‰øøÑ“) [4] ‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥

´“¬πå (∫“∑)

°”≈—ß Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ —≠≠“≥´“¬πå (kW)

(‚¥¬Õâ“ßÕ‘ß®“°º≈°“√∑¥≈Õßµ“√“ß∑’Ë 3 √Ÿª∑’Ë 7 1.761W / 2.3422 kg

= 0.752 Watt/kg §Ÿ≥¥â«¬πÈ”Àπ—°·°π‡À≈Á°)

æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™âß“πÀ¡âÕ·ª≈ß 15 ªï

‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ —≠≠“≥´“¬πå (kWh)

®”π«π‡ß‘π∑’Ë®à“¬‡π◊ËÕß®“°æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°µ≈Õ¥Õ“¬ÿ°“√„™â

ß“πÀ¡âÕ·ª≈ß 15 ªï ‚¥¬æ‘®“√≥“§à“æ≈—ßß“π‰øøÑ“ 1.7034  ∫“∑/ Àπà«¬

(‰¡à√«¡§à“§«“¡µâÕß°“√æ≈—ßß“π‰øøÑ“) [4] ‡¡◊ËÕ·À≈àß®à“¬‰¡à‡ªìπ

 —≠≠“≥´“¬πå (∫“∑)

®”π«π‡ß‘π∑’Ë·µ°µà“ß¢Õßæ≈—ßß“π Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°À¡âÕ·ª≈ß

‡¡◊ËÕ·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå·≈–‰¡à‡ªìπ —≠≠“≥´“¬πå (∫“∑)

20

22

72.97

77.69

7.65

6,992.1

50.42

6,625.188

11,285.345

58.423

7,676.782

13,076.63

1,791.285

30 (model A)

22

84.34

95.78

7.65

8,620.2

62.16

8,167.824

13,913.07

72.027

9,464.348

16,121.57

2,208.5

30 (model B)

22

77.52

82.54

7.65

7,428.6

53.568

7,038.835

11,989.95

62.070

8,155.998

13,892.927

1,902.977

50

22

116.91

141.07

7.65

12,696.3

91.554

12,030.196

20,492.236

106.0846

13,939.516

23,744.572

3,252.336

µ“√“ß∑’Ë 4 (µàÕ)  · ¥ß√“¬≈–‡Õ’¬¥µà“ßÊ ‡¡◊ËÕÕÕ°·∫∫‚¥¬„™â·°π‡À≈Á°‡∫Õ√å M5
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®“°µ—«Õ¬à“ßπ’È ∂â“‡≈◊Õ°ÕÕ°·∫∫„™â·°π‡À≈Á°‡∫Õ√å M5 ∂â“‡°‘¥À¡âÕ·ª≈ß‡º™‘≠°—∫ ¿“æ∑’Ë·√ß¥—π‰øøÑ“‡°‘¥¡’§«“¡º‘¥

‡æ’È¬πµ“¡µ—«Õ¬à“ß ®“°º≈°“√§”π«≥‡ÀÁπ‰¥â«à“°“√„™â‡À≈Á°‡∫Õ√å M5 ‡ ’¬§à“„™â®à“¬√«¡ (§à“·°π‡À≈Á°+§à“æ≈—ßß“π

 Ÿ≠‡ ’¬µ≈Õ¥ 15 ªï) πâÕ¬°«à“‡À≈Á°‡∫Õ√å M4 √âÕ¬≈– 2.37 ·µà„π°“√§”π«≥π’È§‘¥√“§“§à“‰øøÑ“ªí®®ÿ∫—π [4] ‡∑à“°—∫

1.7034 ∫“∑/Àπà«¬ (¬—ß‰¡à‰¥âæ‘®“√≥“∂÷ß§à“§«“¡µâÕß°“√æ≈—ßß“π‰øøÑ“) ·µà∂â“æ‘®“√≥“∂÷ß√“§“§à“æ≈—ßß“π‰øøÑ“

„πÕπ“§µ ·≈â«·π«‚πâ¡Õ“®®– Ÿß¢÷Èπ °Á®–∑”„Àâ‚Õ°“ ®“°°“√‡≈◊Õ°„™â·°π‡À≈Á°¢π“¥‡∫Õ√å M4 ‡ªìπ∑“ß‡≈◊Õ°∑’Ë¥’

°«à“ ·µà¬—ß¡’Õ’°∑“ß‡≈◊Õ°Àπ÷Ëß§◊Õµ‘¥µ—Èßµ—«°√Õß°√–· Œ“√å‚¡π‘° å (Harmonic filter) ´÷Ëß∑”„Àâ·√ß¥—π‰øøÑ“‡ªìπ√Ÿª

§≈◊Ëπ´“¬πå  àßº≈∑”„Àâ≈¥§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°‰¥â¡“° ·≈–¬—ß™à«¬≈¥§à“°√–· Œ“√å‚¡π‘° å∑’Ë¢¥≈«¥¢Õß

À¡âÕ·ª≈ß‰¥âÕ’°¥â«¬

5.  √ÿªº≈°“√«‘®—¬

º≈°“√«‘‡§√“–Àå‡ÀÁπ‰¥â«à“§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬¢Õß·°π‡À≈Á°∑’Ë§”π«≥®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¡’§à“

„°≈â‡§’¬ß°—∫°“√«—¥ ¥—ßπ—Èπ„π°“√ÕÕ°·∫∫À¡âÕ·ª≈ß∑’ËµâÕß‡º™‘≠°—∫·√ß¥—π∑’Ë¡’§à“§«“¡º‘¥‡æ’È¬π “¡“√∂∑”‰¥âßà“¬‚¥¬

°“√‡°Á∫¢âÕ¡Ÿ≈®”‡æ“–¢Õß·°π‡À≈Á°®“°™ÿ¥∑¥ Õ∫ Epstein ‚¥¬„™â·À≈àß®à“¬·√ß¥—π´“¬πå‡æ◊ËÕ·¬°À“§à“ Ÿ≠‡ ’¬

‡π◊ËÕß®“°°√–· ‰À≈«π·≈–§à“ Ÿ≠‡ ’¬Œ’ ‡µÕ√å√’ ’́ ∑’Ë·√ß¥—πæ‘°—¥ ®“°π—Èπ √â“ß√Ÿª·∫∫¢Õß —≠≠“≥·√ß¥—π∑’Ë¡’

§«“¡º‘¥‡æ’È¬π µà“ßÊ ·≈–„™âøíß°å™—π FFT ‡æ◊ËÕ·¬°À“¢π“¥·≈–¡ÿ¡¢Õß·√ß¥—πŒ“√å‚¡π‘° åµà“ßÊ ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈„π°“√

§”π«≥®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

®“°°“√§”π«≥·≈–°“√∑¥ Õ∫‡ÀÁπ‰¥â«à“·°π‡À≈Á°‡∫Õ√å M5 ¡’§à“°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬·≈–æ≈—ßß“π‰øøÑ“

 Ÿ≠‡ ’¬∑’Ë·°π‡À≈Á°¡“°°«à“‡∫Õ√å M4 ª√–¡“≥√âÕ¬≈– 7.0 (·À≈àß®à“¬‡ªìπ —≠≠“≥´“¬πå)·≈–√âÕ¬≈– 2.34 (·À≈àß

®à“¬ ‰¡à‡ªìπ —≠≠“≥´“¬πå) ·µà√“§“·°π‡À≈Á°‡∫Õ√å M4 ¡“°°«à“‡∫Õ√å M5 √âÕ¬≈– 12.5 ¥—ßπ—Èπ„π°“√ÕÕ°·∫∫®÷ß

µâÕßæ‘®“√≥“∂÷ß§«“¡‡À¡“– ¡∑—Èß∑“ß¥â“π«‘»«°√√¡·≈–¥â“π‡»√…∞»“ µ√å§«∫§Ÿà°—π‰ª

¢âÕ®”°—¥„πß“π«‘®—¬π’È ®“°ß“π«‘®—¬π’È·√ß¥—π‰øøÑ“∑’Ë®à“¬‡¢â“™ÿ¥ Epstein ¡’§à“µË”  “‡Àµÿ‡π◊ËÕß®“°Õ‘π‡«Õ√å‡µÕ√å

3 ‡ø ∑’ËÕÕ°·∫∫ √â“ß¢÷Èπ‚¥¬„™â IGBT ‡ªìπµ—« «‘∑´å ®“°°“√∑¥ Õ∫‡¡◊ËÕ∑”°“√ª√—∫§à“·√ß¥—π D.C.Link ¢ÕßÕ‘π

‡«Õ√å‡µÕ√å¡’§à“ ŸßÊ ∑”„Àâ‡°‘¥·√ß¥—π§≈◊Ëπ¬Õ¥·À≈¡ (Spike Voltage) ∑’Ë·À≈àß®à“¬ Ÿß·≈– dv/dt ·≈– di/dt ¢Õß

IGBT ¡’§à“µË” àßº≈∑”„Àâ IGBT ‡ ’¬ ·≈–ß“π«‘®—¬π’È‰¡à‰¥âæ‘®“√≥“∂÷ß§à“ Ÿ≠‡ ’¬¢ÕßÀ¡âÕ·ª≈ßÕ—π‡π◊ËÕß¡“®“°

°√–· ‰À≈«π∑’Ë¢¥≈«¥ ´÷Ëß¡’ “‡Àµÿ¡“®“°°√–· Œ“√å‚¡π‘° å¢ÕßÀ¡âÕ·ª≈ß ´÷Ëß·∑â∑’Ë®√‘ß·≈â«µâÕßæ‘®“√≥“§à“°”≈—ß

 Ÿ≠‡ ’¬π’Èª√–°Õ∫√à«¡ ®÷ß∑”„Àâ°“√æ‘®“√≥“¥â“π‡»√…∞»“ µ√å¢ÕßÀ¡âÕ·ª≈ß¡’§«“¡ ¡∫Ÿ√≥å

§à“§«“¡º‘¥æ≈“¥∑’Ë‡°‘¥¢÷Èπ„πß“π«‘®—¬π’È ‡™àπ ®“°°“√ÕÕ°·∫∫§à“ B ¢Õß·°π‡À≈Á°‡∫Õ√å M4 (1.5Tesla) ·≈–

M5 (1.482Tesla) ®“°™ÿ¥∑¥ Õ∫ Epstein ¡’§«“¡·µ°µà“ß°—π∫â“ß‡≈Á°πâÕ¬, ¢âÕº‘¥æ≈“¥∑’Ë‡°‘¥®“°ºŸâ∑”°“√∑¥ Õ∫,

√«¡∂÷ß§à“§«“¡‡∑’Ë¬ßµ√ß¢Õß‡§√◊ËÕß¡◊Õ«—¥∑—Èß Õß·≈–Õ◊ËπÊ

·π«∑“ß„π°“√æ—≤π“¢Õßß“π«‘®—¬µàÕ‰ª§◊Õ √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß°”≈—ß‰øøÑ“ Ÿ≠‡ ’¬∑’Ë·°π

‡À≈Á°¢ÕßÀ¡âÕ·ª≈ß 3 ‡ø ·≈–æ‘®“√≥“¥â“π‡»√…∞»“ µ√å¥â«¬
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